As we move from the industrial age to the information age, domestic industries are changing rapidly, and rural society is also laying the foundation to make use of information technologies. Through this kind of modernization, the size of agricultural facilities has been increasing on a significant scale. But, in reality, there are many difficulties in the maintenance of agricultural facilities in proportion to their growing number. Accordingly, this research aims to solve the fundamental problems that occur with agricultural facilities in the maintenance stage. In addition, it aims to provide information on how to maintain and manage facilities for farmers. The presentation of the maintenance information was conducted using a case-based reasoning method that solves current problems based on past cases. The tool of case-based reasoning was applied to define the establishment of the base for cases, characteristic variables and maintenance measures. The effectiveness of a CBR model was examined through the case study. The use of the case-based reasoning method is judged to be effective as a tool to support the decisions of farmers regarding maintenance. When the maintenance measures derived through the CBR model are offered to farmers, the fundamental problems of maintaining agricultural facilities will be solved, and the damage to such facilities minimized.
1. Introduction
Research background and objective
As the information age has brought about rapid changes in domestic industries, including agriculture, the demand in rural communities for knowledge, information and technological innovation in agriculture has been on the rise. In response to such demands, the government formed a base for information utilization in rural communities by establishing a 5-year informatization plan for the agriculture industry and rural society. In addition, it has provided a modernization policy to raise the information literacy of farmers, which includes enhancing their education in the area of information technologies [1] . Although the modernization policy has allowed agricultural facilities to increase in size since the 1990s, the damage to the facilities has been reported as increasing in proportion to the growing number of agricultural facilities. In addition, most agricultural facilities are provisional structures, and their economic life expectancy is generally very short.
Therefore, the agricultural facilities need to be maintained, and often to be rebuilt. As agricultural facilities such as greenhouses and glasshouses are usually small in size and are also not technically difficult to build, the farmers themselves build and maintain the facilities. Nonetheless, they have difficulty maintaining the facilities due to a lack of information and knowledge [2] .
For these reasons, this study reviews methods of applying information technology to the maintenance process of the agricultural facilities. Case-based reasoning (CBR) is based on a simple idea that 'the solutions that were used to resolve problems in the past can be used to resolve a new problem.' Hence, it aims to provide a method of maintaining agricultural facilities using CBR in order for farmers to obtain the necessary information from similar past cases. 
Researcher Highlights
Choi et al. [2] Suggest directions for developing agricultural facilities by surveying how they operate Lee et al. [3] A Development for Application System of integrated agriculture information.
Yoon [4] Study ways to digitalize rural areas dedicated to taking their competitiveness to a higher level and raise quality of life Yau et al. [5] Applying case-based reasoning technique to retaining wall selection Kim et al. [6] A selection model of retaining wall methods using case-based reasoning Morocous et al. [7] Case-Based Reasoning System for Modeling Infrastructure Deterioration
Yae [8] Reasoning model of Case-based construction safety management system 2. Current status of the maintenance of agricultural facilities, and review of CBR theories
Maintenance status of agricultural facilities
It is found that maintenance -a very critical stage for the long-term operation of agricultural facilitiesis usually done by the users themselves. This is because the users can repair and replace the material or parts for themselves. However, when it is done by non-professional workers, the facilities can be vulnerable to deterioration in durability and natural disaster. Moreover, the users of agricultural facilities are also found to have a hard time obtaining the professional skills and knowledge required to perform maintenance correctly. Figure 1 shows the areas that users have found difficult [2] . and construction-related technical causes. Figure 2 indicates the causes in detail. The most frequently reported cause was failure to meet pipe specification, followed by failure to meet rafter interval, facilities width/height, and the number of ledgers, in that order. Table 2 based on the analysis of cases of damage and interviews with specialized agricultural companies and farmers. The 9 measures include setting up extra columns, installing steel wires, installing bracing and reinforcing ledgers. 2) REuse REuse refers to using the information and knowledge of retrieved cases again to solve a given problem.
CBR cycle
3) REvise REvise refers to the step of modifying the presented solution.
4) REtain
REtain refers to storing the solution for a new problem in the case base for future use [11] . 
Classification of input and output variables
CBR is based on cases. Therefore, it is very important to define variables. If too many variables are used to express a case, the case base becomes too large as it expands, which leads to a deterioration in the reasoning efficiency of the case base system. Therefore, it is important to properly select main factors to express the problem [8] .
The variables of the damage cases of agricultural facilities were defined based on the type of case information related to the agricultural facilities indicated in previous studies and the literature, as well as through interviews with specialists. Table 3 indicates variables defined by case. The input variables include the general information of the facility (pipe size and thickness, rafter interval, number of ledgers, width and height of the facility) and disaster information (disaster occurrence time and date, amount of snowfall), and the output variables include disaster causes and the maintenance measures. 
Definition of input and output variables
To input a past case to the case base, the variables that define the case should first be defined. Therefore, Tables 4 and 5 
Inputting a case
The program used in this study enables a user to input a damage case of the CBR model in the window shown in Figure 5 . 
Similarity evaluation
The CBR system is based on the idea that the solution for a given problem is presented by exploring similar past cases. The similarity evaluation is used to determine one or more similar past cases in the case base compared to the given problem. The similarity function is expressed as Eq. (1).
S in Eq. (1) is for 'the evaluated value of similarity,' that was set to have a value between 0 and 100 in this research. W is for a weight by variable, and SS for an evaluated value of similarity for each variable. Weight for each variable is calculated by applying the gradient descent method The data format of variables set in this research can be divided into numerical data and string data. For the string data, SS was assigned '1' if the string was completely matched, but '0' if not.
Case retrieval
The maintenance model for the agricultural facilities provides the results with higher similarity evaluation value higher in the list. Figure 6 is the output window, and shows the technical causes ( Figure 2 ) and maintenance measures ( Table 2) by aligning the cases in the higher evaluation value order when entering the input variables, such as amount of snowfall and pipe size (see Table 3 ). Table 7 .
To evaluate the model, the 10 randomly selected cases were compared with the 160 cases stored in the case base to determine the similarity. Table 8 indicates the results of retrieval of the 10 cases. 4
cases most highly matched to the entered cases were retrieved. Table 7 . Cases for evaluation of the model
Conclusion
This research aims to present an effective CBR maintenance method for agricultural facilities. To derive the effective CBR maintenance method, farmers and specialists were interviewed in order to understand the current status of domestic agricultural facilities. In addition, the maintenance measures as well as the types and technical causes of damage to agricultural facilities were classified.
Using the CBR that solves a given problem based on similar past cases, the maintenance method for agricultural facilities is suggested. To verify the CBR maintenance method presented in this study, 10 randomly selected cases were used, the similarities of which were evaluated compared to the cases in the case base. From the retrieval results, 9 cases had a recommendable solution and the other had an acceptable solution.
Therefore, the CBR maintenance method has the advantage of providing not only a recommendable solution but also acceptable solutions. Farmers can make their final decision on maintenance based on the retrieved results. For this reason, the applicability of the CBR maintenance model is believed to be sufficient. However, the research scope is restricted to the basic design of the CBR maintenance model in order to solve the problems at the maintenance step. Hence, to solve problems found in the overall construction process, wider data collection and analysis should be done in the future.
